Abstract Fanconi anemia (FA) is characterized by congenital malformations, progressive bone marrow failure, and predisposition to malignancy. Hematopoietic stem cell transplantation is used to treat FA, and best results are attained with sibling donors who are human leukocyte antigen (HLA) identical matches. Preimplantation genetic diagnosis (PGD) offers parents of an affected child the opportunity to have an unaffected child who is an HLA match. While some research has investigated parents' experiences during the PGD process, no published studies specifically address factors influencing their decision-making process and long-term interpersonal outcomes. The aims of this study are to: (1) examine parents' expectations and the influence of media, bioethics, and religion on their decision to undergo PGD; (2) examine parents' social support and emotional experiences during their PGD process; and (3) characterize long-term effects of PGD on relationship dynamics (partner, family, friends), others' attitudes, and parental regret. Nine parents participated in semistructured interviews. Thematic analysis revealed their decision to use PGD was variously influenced by media, bioethics, and religion, in particular, affecting parents' initial confidence levels. Moreover, the PGD process was emotionally complex, with parents desiring varying amounts and types of support from different sources at different times. Parents reported others' attitudes towards them were similar or no different than before PGD. Parental regret regarding PGD was negligible. Results of this study will promote optimization of long-term care for FA families.
Introduction
Fanconi anemia (FA) is an inherited blood disorder that annually affects an estimated 1 in 130,000 individuals from all ethnic backgrounds (Rosenberg et al. 2011 ). This disease is characterized by congenital anomalies, progressive bone marrow failure, and predisposition to a variety of cancers. Within the first decade of life, 75-90 % of individuals with FA experience bone marrow failure, and hematopoietic stem cell transplantation (HSCT) is the only proven long-term treatment (Kee and D'Andrea 2012) . The use of identical genotype donors (i.e. matched sibling donors) results in a much higher overall survival 1-year following HSCT of approximately 80-100 % compared to 30-60 % with the use of alternative donors (Gluckman et al. 1995; Guardiola et al. 2000; Tan et al. 2006; MacMillan et al. 2015) . The best results from HSCT are therefore achieved with sibling donors who are exact human leukocyte antigen (HLA) matches (Kee and D'Andrea 2012) .
In families where a donor sibling does not exist, preimplantation genetic diagnosis is an option. PGD is an assisted reproductive technology that utilizes in vitro fertilization (IVF). IVF requires hyperovulation induced through medication, retrieval of multiple eggs, and subsequent intracytoplasmic sperm injection. This process is followed by embryo biopsy and genetic testing of the removed cell(s) (Basille et al. 2009 ). PGD identifies unaffected embryos before implantation by performing genetic testing on embryonic cells. PGD can also be used to select for traits such as HLA type (Grewal et al. 2004) .
While there is growing interest in examining parental experiences throughout the PGD process (e.g., psychological distress, anxiety, depression, maternal-fetal attachment), long-term outcomes such as relationship dynamics, others' attitudes, and possible elements of regret are not well elucidated. Whether and how the media, bioethics, and religion influence the decision-making process of parents who elect to undergo PGD also needs further exploration. Research into these areas is important in order to better understand the impact of PGD on people's lives, and in order to provide optimal care to individuals and families affected with FA.
History of PGD and Human Leukocyte Antigen Testing in FA
The world's first Bsavior sibling,^Adam Nash, was born in August, 2000 (Lai 2011 ). His sister, Molly Nash, was affected with FA and in urgent need of a HSCT. Adam's umbilical cord blood was used as a source of HLA identical hematopoietic stem cells for his affected sister. This case represents the first successful use of PGD for HLA typing for HSCT (Grewal et al. 2004) . Following the Nash case, the application of PGD for HLA typing was translated to other genetic conditions, such as thalassemia, X-linked adrenoleukodystrophy, and hyperimmunoglobulin M syndrome (Kuliev and Verlinsky 2005) , and PGD for HLA typing became increasingly accepted. Between 1997 and 2006, 3523 PGD cycles for HLA typing were done in Europe (Goossens et al. 2008) . Between 1990 Between and 2009 Between , 1737 PGD cycles for HLA typing were done at the Reproductive Genetics Institute in the United States (Rechitsky et al. 2009 ).
Some studies have examined the psychological impact during and after PGD (Karatas et al. 2010a (Karatas et al. , 2011 2010b; Beukers et al. 2012; Eugster and Vingerhoets 1999; Lavery et al. 2002) as well as the psychosocial effects of the media, bioethics, and religion on couples undergoing PGD (Baruch 2008; Baetens et al. 2005; Grewal et al. 2004; Kee and D'Andrea 2012; Popovsky 2007; Sheldon and Wilkinson 2004; Steinbock 2003; Strong et al. 2014; Taylor-Sands 2010) .
Psychological Impact during and after the PGD Process
Numerous studies assessing the psychosocial effects of undergoing IVF and PGD, have shown that the procedures are timeconsuming and financially, physically, and emotionally challenging (Eugster and Vingerhoets 1999) . Lavery et al. (2002) examined the experiences and attitudes of 36 couples who had undergone PGD for reasons including being a carrier of cystic fibrosis (25 %), being a carrier of an X-linked condition (56 %), and having a chromosomal disorder (17 %). They found that 41 % of the couples thought their PGD experience was very stressful. Impact on the couples' relationships varied, with approximately equal numbers of couples reporting negative, neutral, or positive effects. Although every couple noted the PGD process was stressful to differing extents, a majority reported that a major advantage of PGD was the avoidance of pregnancy termination, a process they also associated with heightened stress. Karatas et al. (2010a) surveyed 50 women entering the PGD process to assess their anxiety, depression, unmet information needs, and expectancy of establishing a pregnancy. State anxiety was associated with financial worry, but overall rates of anxiety were similar to those in samples drawn from the general population. Overall rates of depression were also similar to those of samples from the general population. Unmet information needs were positively correlated with level of education, and the women's expectancy of establishing a pregnancy using PGD was greater than what clinicians presented as realistic. In another study, Karatas et al. (2010b) interviewed 14 women at different stages of PGD. They concluded that the women felt empowered using PGD as it gave them a sense of control of their reproductive futures. Going through the PGD process and waiting for the final outcome of the embryo biopsies, however, invoked significant levels of distress.
In a subsequent study, Karatas et al. (2011) prospectively assessed anxiety and depression in a sample of 50 women with varying primary reasons for referral for PGD and preimplantation genetic screening (PGS). They assessed anxiety and depression at four time points: initial consultation at the clinic and decision made to pursue IVF and PGD (time point 1); within 5 weeks of embryo transfer (time point 2); within 1 week of pregnancy result notification, both positive and negative (time point 3); and 24 weeks gestation for those who achieved a pregnancy (n = 21; time point 4). They found that the women, on average, were within a normal range for anxiety and depression as they entered PGD, but fluctuated in anxiety and depression throughout the process. Some women reported clinically significant levels of anxiety and depression at time points 1, 2, and 3, suggesting they needed more support during the process.
To date, research has primarily examined psychosocial effects on parents during the PGD process and a few studies measured short-term effects following PGD. For instance, Beukers et al. (2012) examined parental distress and anxiety one year and two years after successful use of PGS and found no significant effects on parental distress and anxiety. Two similar Dutch studies of PGD couples showed no difference in family functioning and psychological stress compared to other assisted reproductive technologies 3 months post-partum (Winter et al. 2015 (Winter et al. , 2016 . The findings of short term follow-up studies cannot be directly translated to the long-term intrapersonal and interpersonal outcomes of individuals who use PGD. Longer term outcome studies are lacking, however.
Psychosocial Effects of Media, Bioethics, and Religion
Following the implementation of PGD for HLA typing, media, bioethical, and religious opinions have been tendered both in favor of and against its use. Currently there is little research examining the effects, if any, the media, bioethics, and religion have on couple who decide to use this technology. Data are also lacking on the extent to which these opinions coincide with what actually happens with families who undergo PGD for HLA typing.
Media coverage since the first successful use of PGD for HLA typing has been extensive. In July 2001, approximately one year after the world's first Bsavior sibling^was born, Belkin (2001) published an article in The New York Times entitled BThe Made-to-Order Savior: Producing a Perfect Baby Sibling.^The author talked about Henry Goldberg and Molly Nash, two children who were affected with FA. Both children's parents tried to conceive a Bsavior sibling.^The following quote is from the article:
BYes, ethicists say, it is exactly what any parent would do, and that is why it is troubling. Parents are being asked to make a choice not only on behalf of their living child, but also on behalf of their unborn child, and that can be an impossible position when the choices get hard. If Molly were closer to death, for instance, would her parents have terminated the pregnancy and used stem cells from Adam's fetal liver to save her?^(p. 7)
Bioethicists have tendered additional arguments for and against PGD for HLA typing. Initial arguments primarily were cautionary. One primary ethical issue involves a Bslippery slope^concept, namely that practice will move from using PGD for medically-related diseases to selection for traits such as appearance, intelligence, and gender, most of which are not medically-related. Many fear that PGD will be used to select for non-medical traits leading to Bdesigner babies^ (Baruch 2008) .
Bioethicists have also examined the process of conceiving a child for the purpose of curing an older sibling. They raise questions such as: What are the parents' actual motives? Are they conceiving this child with the intent of loving and cherishing them, or are they conceiving this child in order to save their sick child? What will happen to the unaffected sibling once the affected sibling is cured? (Grewal et al. 2004; Baetens et al. 2005; Steinbock 2003) .
A third issue posed by bioethicists concerns harm to the other child. If the umbilical cord blood transplant fails, then the parents are faced with the decision of harvesting bone marrow from the infant in the first months of life. This procedure is associated with risks and some consider these risks ethically unacceptable. They argue that the interests of both the donor child and the recipient child must be considered (Grewal et al. 2004) . Additional concerns involve psychological harm from parental disappointment, abnormal conditions of pregnancy, and parental expectations or altered family dynamics (Baruch 2008) .
Over time the bioethical debate has shifted to include favorable views of the technology. Some bioethicists have reframed the issue to justify the use of the technology for conceiving an unaffected sibling donor . Despite this shift, bioethical debate continues.
In addition to media and bioethical influences, religious considerations may affect couples who decide to undergo PGD. For instance, in Christianity, technical intervention in human reproduction through the use of IVF and PGD may be portrayed as Bplaying God,^and therefore not be condoned (Doolin and Motion 2010) . From a Jewish perspective, there may be ethical considerations regarding the destruction of embryos, and the thought that the PGD process may pose long-term emotional harms to the child conceived (Popovsky 2007) .
Research is needed to examine whether and how views about PGD for HLA typing expressed in the media, by bioethicists, and in religion influence parents who decide to undergo PGD for HLA typing. Data generated from this research will provide insight into parental decision-making and needed support from healthcare providers.
Purpose of the Present Study
The FA population is the first population to use PGD for HLA typing (Steinbock 2003) and therefore has the longest follow-up time to assess long-term outcomes of the process. Prior research has examined the emotions associated with the PGD process itself, and information about PGD for HLA typing has been reported in the media, debated by ethicists, and questioned by religious doctrines. Use of this technology is expanding in the FA population, as parents are opting to use PGD more frequently than in the past (Zierhut et al. 2013) . For these reasons, it is important for researchers to examine the long-term outcomes of using this technology on the FA population, as well as media, bioethical, and religious influences on parents who decide to undergo PGD for HLA typing.
Accordingly, the aims of the current study are to: (1) examine parents' expectations and the influence of media, bioethics, and religion on their decision to undergo PGD; (2) examine parents' social support and emotional experiences during their PGD process; and (3) characterize long-term effects of PGD on relationship dynamics (partner, family, friends), others' attitudes, and parental regret. The results of this study are intended to help medical professionals, genetic counselors, bioethicists, and the public better understand parents' decision-making process to undergo PGD, and to provide insight into the longer term outcomes of having a child using this technology.
Methods Participants
Parents of a child born using PGD for FA with or without HLA typing were recruited to participate in this study. Parents of a child with FA who did not use PGD or did not have a live born child with the procedure, and parents who have a deceased child with FA were excluded from this study. Upon receipt of approval from the University of Minnesota Institutional Review Board, the first author commenced participant recruitment. There were two main recruitment methods: (1) parents who had a live born child born using PGD who agreed to be re-contacted from a previous study (Zierhut et al. 2013) ; and (2) the Fanconi Anemia Research Fund (FARF). FARF's mission is to provide education and support to families affected with FA worldwide, and to find effective treatments and a cure for FA. The Fanconi Anemia Research Fund was informed about the inclusion and exclusion criteria for this study.
Four families from a previous study (Zierhut et al. 2013 ) who had a live-born child using PGD and agreed to be recontacted were invited via email to participate in the present study. Three parents from three different families agreed to participate. Recruitment through FARF occurred in two ways: (1) an email about the research study was sent to their listserv, and (2) a brief description of the research study was mentioned in one of their newsletters. Six parents (five families) from FARF agreed to participate in the study.
All parents who agreed to participate received an email invitation, cover letter, consent form, and demographic questionnaire). A total of nine parents (eight families) consented to the study, completed the demographic questionnaire, and agreed to be interviewed. Interview dates and times were scheduled via email.
Instrumentation

Demographic Questionnaire
We developed a 21-item demographic questionnaire assessing parental status, country of residence, highest level of schooling, religiosity, marital status, total household income, race, number of living children, and IVF/PGD cycle details. Responses to fourteen items from the demographic questionnaire are displayed in Table 1 . Responses regarding the age of diagnosis of the child affected with FA and medical implications for the mothers and donors were not relevant to the present study aims and therefore not analyzed. At the time of this study, a majority of the participants had used PGD for FA and/or HLA typing over a decade ago, while one parent had undergone PGD for FA and HLA typing in the past two years. 
Interview Questions
We designed a semi-structured interview protocol consisting of one closed-ended question and 17 open-ended questions (see Appendix). The closed-ended question asked interviewees to indicate their confidence about having an unaffected child on a scale of 0 to 10. The open-ended questions requested information about: media, bioethical, and religious factors that influenced the parents' decision-making process; support received and emotions experienced during the PGD process; long-term interpersonal outcomes; and medical implications of using IVF and PGD for the mothers and donors. Responses regarding medical implications were not analyzed in the present study.
Procedures
Nine parents returned the signed consent form and completed demographic questionnaire via mail or email. Eight semistructured telephone interviews were conducted by the first author between December 2013 and February 2014. Two parents were a couple and participated in a joint interview. The interviews began with a brief overview of the main goals of the study and participants were invited to ask questions about those goals and/or the interview process. The interviews were audio-recorded and transcribed by a professional transcription service. Identifying information was removed from the recordings and transcriptions.
Data Analysis
The interviews were analyzed using the qualitative data analysis software NVivo Version 10 (QSR International). Transcripts were analyzed by the first author using thematic analysis to extract major themes. Thematic analysis is an inductive methods that allows core ideas and themes to emerge from the data rather than imposing a pre-existing framework onto them (Silverman 1993) . The first author reviewed interview responses that corresponded to the major research questions and identified a preliminary set of codes for responses and then grouped into themes, those responses that were conceptually similar. Next she created a label for each theme. The last author acted as data auditor, reviewing her classification of the data. They used discussion to reach consensus for any disagreements regarding data analysis. Participants' responses were complex and therefore they often were classified within multiple themes.
Results
Participant Demographics
Participant demographics are shown in Table 1 . All but one of the nine parents was female, and all but one parent self-identified as Caucasian. Everyone was married and had at least some college education. All parents had household incomes greater than $50,000; a majority had household incomes greater than $100,000. The sample varied with respect to religiosity, from not religious to very religious. The number of IVF and PGD cycles varied (range: 2-10; median = 4). The length of time to conceive a baby using PGD ranged from 5 months to 30 months (median = 13 months). Seven of the nine parents had a baby who was an HLA match for their child affected with FA. An umbilical cord blood transplant was performed on five of these seven babies, and all were successful. For the other two siblings who are HLA matches, the umbilical cord blood is in storage for later use. The siblings who are HLA matches have not had to undergo any other donorrelated medical procedures.
Interview Characteristics
Interviews ranged in length from 32 min to 62 min (median = 36 min). Based on the interviewer's impressions, interviewees seemed generally very engaged and comfortable sharing their experiences. Some parents gave more elaborate descriptions of their experiences, while others' were more concise in their responses. Everyone was willing to answer every question.
Qualitative Data Analysis
Analysis of the interviews resulted in the extraction of five themes for aim 1, seven themes for aim 2, and six themes for aim 3. The following sections contain a description of each theme along with illustrative quotations. To examine psychosocial factors that influenced their decision-making process, parents were asked about their expectations. They described their expectations in two ways: (1) rating their confidence level about having an unaffected child (Scale: 0-10), and (2) their initial definition of success. Next parents were asked to describe the effects of the media, bioethics, and religion on their decision-making process.
Theme 1: Varying Confidence Levels
The level of confidence varied greatly among the parents, ranging from 0 to 10 (median = 6). There appeared to be a thematic difference due to the mothers' age, with mothers in their mid 30s or younger reporting higher confidence levels. Some parents referenced overall uncertainty. For example:
I just felt that it was crazy and it was a long shot, but I just felt that I had to do it because there was nothing else out there for him. And I was very skeptical when I began. I didn't think it would work, but I knew that I had to do it. (Participant 1) Parents reported their initial confidence level was influenced by factors such as the novelty of the technology, mother's age, number of eggs retrieved, number of embryos that were both unaffected and an HLA match, whether or not the embryos implanted and the uncertainty surrounding the PGD process. When asked if they experienced a change in confidence level during the PGD process, eight parents stated that they had. One of these parents experienced an increase in confidence, while seven experienced a decrease. Reasons for a decrease in confidence included failed cycles, an ill child becoming progressively more ill, and uncertainty. One parent commented on the decrease in confidence:
You wouldn't trade her for the world, but when you're going through the process, your confidence goes down each time, and you start to get a little bit of depression. It's a tough, tough road mentally and emotionally. Walking into that office was…after the three cycles of the up and down, we were beat down already, didn't know if this was going to work or not, and at that point it was deciding what we were going to do next if it didn't work. (Participant 3) Parents also reported that failure or uncertainty not only caused a decrease in their confidence level but some stated it was the most difficult aspect of the PGD process.
Theme 2: Definition of Success is to Have More Children
While initial levels of confidence varied, definitions of success were similar at the onset of the PGD process. Everyone defined success as being able to expand their family by having an unaffected baby. Parents commented on their desire to have an unaffected child:
Ultimately we had always assumed that we would have more than two children, and when [name] was diagnosed, it really put a stopper on the idea of doing it just by the seat of our pants. And so…the alternate goal was to have a healthy child. The beautiful subsequent goal of that was to have a healthy child who could help her sister, and that was that. So success was healthy child first, helping sister second. (Participant 6) We had been [wondering] all our marriage about whether or not to have extra kids, so we…I think of course the best thing would be to have a child that would be a match for our daughter, but having a child that would not be a match for our daughter would be good, too, wonderful. (Participant 5) Some parents reported that having a baby who was an HLA match was imperative for their situation. They said they planned to have additional children after the PGD process or were open to expanding their family in other ways but preferred an HLA match. For example:
Unless we went through years and years of cycles and had absolutely nothing left to do more cycles, we weren't willing to transfer an embryo unless they were an HLA match. We did keep our healthy embryos frozen for future kids, the ones that were not matches, but the first part we had to have our HLA match first. (Participant 7)
One parent who similarly stated than an HLA match was essential mentioned a motivation to adopt a child even before beginning the PGD process.
In fact, we were confused why we weren't having more children because we were trying. And it just didn't work out. That's just how nature worked. We actually even went through the process of getting certified to adopt a child in [name of state], so we always wanted more kids. (Participant 9)
The parents who did not state that an HLA match was absolutely necessary also commented on their plans to have additional children. After having an unaffected child using PGD, one mother said she and her partner decided to use a sperm donor to have more children:
And my husband said, BI've grown out of love with my genetics. Let's just go this other route.^(Participant 4) Theme 3: Positive and Negative Impact from the Media Some parents stated that the media had an impact on their decision-making process. Some of these effects were positive while others were negative. Media sources included newspaper and magazine articles, the news, novels, and the social media networking service Facebook. Representative quotes are displayed in Table 2 .
Theme 4: Parents were Aware of Bioethical Opinions but Knew PGD Was Right for Them Parents were asked, BWhat experiences did you have with outside influences such as ethics during your PGD process?Ê veryone expressed awareness of bioethical opinions at the time of their decisions. Bioethical considerations played a role in some parents' decision-making processes (see Table 2 for examples of responses). Others had neutral opinions about bioethical considerations.
Theme 5: Religious Views Influenced Some Parents' Decision-Making Processes Three parents said their religious beliefs played a role to some extent in their decision-making process. Some other parents mentioned their religion did not condone IVF and PGD, but they still believed they were making the right decision to undergo the procedures (see Table 2 ).
Aim 2: Examine Parents' Social Support and Emotional Experiences during their PGD Process
In order to examine psychosocial factors that influenced the overall PGD process, parents were asked: (1) from whom Table 2 Media, bioethical, and religious Influences on the decision-making process
Subcategory
Representative Quotes Media I would say the media had a large impact because it gave the direction to go in and it allowed my family to have a clear understanding. I mean, they got it. In one sense, it made it a little easier reading about it in Good Housekeeping and People magazine. It was an easy way to educate people. Because like I said, it was all over the news at that point. Experience with the media? I think it was back then that…I think in the media there was this movie, this Jodi Picoult book.
That's the only thing with media I can think of, and I read that book, and I read another book, a book by an FA parent who had gone through the same thing… Well, I like reading Jodi Picoult anyway, and I thought, well, this is interesting, but I didn't see it as very realistic, so it didn't affect me a lot. I think the book by the FA parent was more helpful in realizing that you should take one or two shots and otherwise just move on. The media, there was lots and lots of media talking about the designer baby, having a baby for spare parts, and there was a lot of negative. But I couldn't have cared less. Bioethical Yeah, I think we discussed it, and I think we were going for cord blood and nothing more, but of course if you're with your back against the wall, you can imagine that at some point in time, you may change your mind. We knew that from the get go, that we would not put a child through more than a cord of blood. Now a marrow donation that might be different. But we wouldn't be taking kidneys and stuff from him. I mean, I kind of put blood and marrow in a different category than organs. We have to look at it as first of all, why is my choice, my family, something that the world and the ethicists had to debate? If you don't believe in it, don't do it. And if you're strong enough to watch your child die, I give them a lot of credit; the people that are strong enough to say that it's God's will that your child's going to be born and die. Good for them. I applaud them, but that was not how my life was going to be. We did encounter one issue with a psychologist, because with our first clinic, we had to undergo psychological testing before we started the IVF process. This psychologist presented some scenarios to us and stated that how would we know that if we were loving our current child more than the donor, or if we were going to love the donor more than our son that was sick? And she was opposed to that. She was not happy about what we were doing, and she was letting us know that and presenting those issues to us, so it was pretty negative instead of being positive, yeah. Religion
We're very traditional Jewish and I took the case before the Jewish court to make sure that in the eyes of Judaism this was okay, and it was. We are Catholic, and even though we were Catholic, or are Catholic, we never had a question or doubt that we were going to do this. We were told about it not being right. The Catholic religion did not condone it, but we still went ahead and did it even though we still have our reservations as to whether the Catholic Church accepts this or not, we still participate and we are still Catholics. We even spoke to our priest at one point about it after all of this…He was pretty positive about it, and even though he described a couple things to us, he stated that he did not feel it was wrong for us, what we did. When we did it, we said, 'Okay, we're not going to be public with it, because the Catholic Church is not going to understand.' They didn't recognize Galileo from the Forbidden Books until 1980. This is not something the church is going to tend to understand any time soon. And we come from a very traditional Catholic background. I have come to terms with it and my husband has come to terms with it. We, in our hearts, believe that that's what we were called to do. I still honestly believe that, and I have reasons to believe it, but it was a struggle because you're going through all this medical stuff and you're doing all this testing and you're doing it really quite secretly. So I guess my faith is my faith. Because where I would have been more like my husband, I had this moment and I knew that it was all okay, that regardless of what the rules said, it was okay. So that's why I've never talked to a priest, because I kind of felt like I got it from the top. support was received, (2) types of support received, (3) when support was received, and (4) emotions experienced. The most prevalent sources of support for parents were their partner, individuals in similar situations, family members, friends, and medical professionals. Some parents indicated receiving support mainly from their partner, as they felt it was too difficult to tell others about their situation. These parents also felt they and their partner handled their PGD experience best themselves. As one participant expressed:
We both said we have enough to deal with ourselves. We do not need to comfort somebody else. Family members suffer with you, but some of them can handle it; some of them cannot. We had a hard enough time comforting each other…we had no strength to comfort the rest of the family. That's why we decided to do it as teamwork, basically. (Participant 9)
Parents also said receiving support from individuals going through similar situations was helpful:
It's much easier talking to somebody that's going through the same thing, than somebody that has no idea. Almost all parents received some amount of support from family members, and certain parents said that their friends were Bthere for them.^When asked about her main sources of support, one mother said:
Probably 50/50 (family and friends). When you're at work and you're giving yourself shots, it's nice to have a friend that's a nurse to give you a shot so you don't have to give it to yourself. Support, I think, from both. (Participant 2) A couple of parents mentioned receiving educational support from medical professionals, such as their genetic counselor or doctor, was helpful during the PGD process.
Theme 2: Major Impact of Caring for a Child Affected with FA Participants noted there was substantial difficulty in caring for their child affected with FA. As one parent stated:
You know, you're watching your child die and you're helpless, and there's not a whole lot you can do. And until you have kids, you don't understand that, but you feel stronger and stronger as you're watching your child not be able to walk. 
Theme 4: Support Needed at Various Time Points
The participants indicated they needed support at different times in the PGD process. In particular, they most needed support at the beginning of the IVF and PGD decisionmaking process, while going through IVF, and after a failed cycle. Two parents expressed:
Just going through the whole process… and it [IVF] makes you crazy, so you need somebody to say it's okay to cry and it sucks to have to give yourself shots. You go through this process and the waiting. You're waiting for your test to come back, and there's not a whole lot you can do. There's nothing you can do. You want it to be positive but you can't make it be positive. (Participant 2) It was probably when we would go through the entire thing and it would fail yet again. Either I wasn't stimulating properly or they didn't get the matches they need and yet again, it failed. It was like BIs this ever going to happen and ever going to work?^It's a very emotional and trying process. Although many parents said they experienced a decrease in confidence during the PGD process, they also remained hopeful and were determined to succeed. For instance There were times that we were very hopeful, but it was always like a big gamble. We didn't know if we were optimistic or just foolish or what, but once we started it was hard to stop. The decision to start is one thing, but once you begin, it's very hard to stop because you already feel that it can work. Before starting I was very skeptical. After I began it was like I couldn't help it. I just had to go on and on until it worked. (Participant 1)
Theme 6: Parents Experienced Many Different Emotions during the PGD Process
Decreased confidence levels, persistent determination, and hopefulness characterize just a few of the many feelings parents reported experiencing. They also identified feelings of uncertainty, loneliness, grief, helplessness, anxiety, depression, hope, and happiness. Several described how they Bran the gamut of emotions,^and a few parents expressed that experiencing a range of emotions was the most difficult aspect of PGD. For example:
Hope, and anxious, wondering… your mind just goes in different directions. How will our life be? And if this doesn't work, how it would be without our child, and how will our family continue to grow? All those things that feed the doubts. In order to explore long-term interpersonal outcomes, parents were asked to describe any changes in relationship dynamics (partner, family, friends), others' attitudes toward them, and regret. We're happy that we were able to expand our family with PGD. We were able to have more children because of it, so that was a positive. In terms of overall relationship dynamics (partner, family, friends), many parents agreed that FA, rather than the PGD process, had a more substantial impact. For instance:
I think the having a sick child, there's nothing more stressful on a relationship than that. And PGD to us was just another part of the journey of trying to make our daughter better, so I don't think PGD itself changed our relationship at all with the exception of giving us a great opportunity to make our daughter healthy. Having a sick child-and I don't mean with a cold; I mean a child that's terminally ill-it's a huge stress on a relationship. But 22 years later we're still at it, so. As a further measurement of long-term outcomes, parents were asked to comment on whether they have any regrets associated with the PGD process. Everyone commented that although they would change some aspects (e.g., obtain more information, worry less, tell themselves to remain strong), they have no regrets overall. For instance:
If I was reliving it today, in that environment, there's not a single thing I would change. (Participant 4) …you do what you can do at a certain point in time. It's no use looking back and trying to be smart, it's just sit back and…it was a journey. It was a huge journey, and I'm just very glad we made it through. I don't think I can say that there's something that should have been done differently or could have been done differently at the time. (Participant 1)
Ancillary Findings
Although not directly related to the study aims, parents were asked about advice they would give to themselves or others regarding PGD for FA and/or HLA typing. Themes included: don't lose hope, talk with others in a similar situation, try it, filter what you read, brace yourself for disappointment, and get the facts. 
Discussion
This qualitative study examined perspectives of nine parents who had a child born using PGD for FA and/or HLA typing regarding factors influencing their PGD decision-making process, psychosocial and long-term interpersonal outcomes. The three primary research aims were to: (1) examine parents' expectations and the influence of media, bioethics, and religion on their decision to undergo PGD; (2) examine parents' social support and emotional experiences during their PGD process; and (3) characterize long-term effects of PGD on relationship dynamics (partner, family, friends), others' attitudes, and parental regret. Major findings are discussed, followed by study limitations, practice implications, and research recommendations.
Expectations and Influence of Media, Bioethics, and Religion on the Decision-Making Process
Parents differed in their level of confidence and expectations regarding the PGD process. Moreover, their confidence vacillated throughout the process and seemed to be affected by degree of uncertainty versus determination/hope they experienced. Previous research has identified three main sources of uncertainty that arise in healthcare settings for FA parentsprobability, ambiguity, and complexity (Zierhut and Bartels 2012) . The present sample also mentioned these sources of uncertainty with their initial level of confidence. For instance, parents commented on the low success rate of conceiving an unaffected child who was an HLA match (probability). They remarked that the novelty of this technology inevitably contributed to vague and incomplete medical information, causing expectations to be somewhat unclear (ambiguity). Parents also noted there were many factors (e.g., mother's age, number of eggs retrieved, number of embryos that were both unaffected and an HLA match, whether or not the embryos implanted) that influenced whether or not they would successfully conceive an unaffected child who was an HLA match (complexity).
Media, bioethical, and religious influences on decisionmaking processes also differed across participants. Some parents noted the media, bioethical opinions, and/or religion affected them negatively (e.g., restricting the number of IVF and PGD cycles they were willing to undergo), and some reported these sources had a neutral effect. Some parents mentioned positive effects of media in the form of helping them establish connections with other FA families and obtain guidance. Changing social medial landscapes that support patients through on-line resources and even promote the use of PGD may also lead to more positive associations with IVF and PGD (Omurtag et al. 2012; Almendrala 2016; Storrs 2016) . Interestingly, every parent indicated they were exposed to one or more of these influences, for instance, noting negative bioethical opinions were brought to their attention by doctors, the media, and religious affiliates. Yet these opinions did not change their decision to use PGD; instead they encouraged parents to think through issues more thoroughly. Differences in the characteristics and influences of parents who choose to undergo PGD versus those who do not as a function of media, bioethical and religious influences should be investigated in future studies.
A prevalent bioethical issue (Grewal et al. 2004 ) presented to participants concerns potential physical harm to the donor child if the umbilical cord blood transplant is not successful. This issue is related to questions about the parents' actual Table 3 Recommendations to other parents with a child with FA who are going through PGD for FA and/or HLA typing Type of Suggestion Representative Quote(s) Don't lose hope Be strong. Don't lose hope, and you have a child that you want to see grow up and you have to do everything possible. When you sign up to be a parent, the day your pregnancy test turns positive, at least for us, you are responsible to try and do everything in your power to keep your child safe and healthy. They're supposed to outlive you, and have a good life; not suffer. I guess just keep at it. Don't give up and don't expect it to work on the first time. If it does, it's wonderful, but more than likely it won't. Don't pay any attention to the odds, the percentage how many live how many died; don't pay any attention to that, and just don't give up. You just cannot give up. There's always hope. There's always hope. That's my best advice; just filter carefully through the information and don't give up. What I stated just now, keep going. It's bound to happen, and so much has changed in the past five years, that medical research is moving ahead and hopefully it'll make it much easier and simpler for other families than with us. Talk with others in a similar situation
This type of PGD for HLA, should have really good support service. I know that today there are coordinator and nurses and support groups, but I think the most important thing is actually to connect between women who have gone through PGD. I would just encourage them to talk to someone who's been through it. Try it I recommend everybody to try it because I think that although it's very, very difficult, it will always be less difficult than losing a child. There's always that little glimmer. You've just got to go looking for it, but it's there. You've got to find it for your own survival and also for your child. Get the facts For parents to get as much of the facts and the non-emotional information up front as they can is probably the most important. But what parents really need is they need information, because when people have information, then they can prepare themselves for whatever works for them. You can take some of the fear and the unknown.
motives, that is, whether they are conceiving this child with the intent of loving and cherishing them, or doing so in order to save their affected child as well as to questions of what will happen to the unaffected sibling once the affected sibling is cured (Grewal et al. 2004; Baetens et al. 2005; Steinbock 2003) . Themes from this research do not support the common belief among bioethicists that parents have a child using PGD and HLA typing only to save their affected child. The present participants asserted their main motive was to have a child who was unaffected with FA and that being able to use the umbilical cord blood from the sibling, a technique which poses no risks to the donor, was a bonus that would make it easier and safer to help their child affected with FA.
Social Support and Emotional Experiences during the PGD Process
Parents' main sources of social support during the PGD process included their partner, individuals in similar situations, family, friends, and medical professionals. They perceived support received from a partner as positive, and no parents expressed that their relationship with their partner was negatively affected. These findings differ from those of Lavery et al. (Lavery et al. 2002) , who reported the PGD process negatively influenced some partners' relationships. Perhaps the discrepant findings are due to differences in the sample size, type of condition for which PGD was used, and/or the length of time since undergoing PGD (which may affect recall). Examining parents that discontinued or chose not to complete additional IVF cycles would provide additional perspectives.
In a large systematic review of reasons for discontinuation of IVF, about 19 % of patients noted physical and psychological burden and 17 % noted relational and personal problems as the reason for discontinuing the process (Gameiro et al. 2012) . Additional research is needed to test these hypotheses. Family and friends were main sources of emotional support and tangible (child care) support during the PGD process. The present sample emphasized the large impact of caring for a child affected with Fanconi anemia. These finding are consistent with Zierhut and Bartels (2012) who noted that family and friends are main sources of support for parents who have a child affected with FA. Those researchers also found that health care professionals were a main source of support.
The parents in the current study reported needing support at different time points. They stated they most needed support at the beginning of the IVF and PGD decision-making process, while going through IVF, and after a failed cycle. They described how after a failed cycle, they would lose hope and wonder if the process was ever going to work. Timing and amount of support needed might be partially attributed to the gamut of emotions they experienced during the PGD process, including: uncertainty, loneliness, grief, helplessness, anxiety, depression, distress, hope, and happiness. Karatas et al. (2010b) similarly found that women's emotional experiences vary throughout the process. Upon entering PGD, women feel in control, hopeful, and relieved. After a failed cycle, their feelings change to distress and disappointment. This emotional roller coaster pattern was also evident among the present sample. Although parents' emotions tended to fluctuate, feelings of control and hopefulness returned when starting a new cycle.
These findings and those of previous research (Karatas et al. 2010b ) demonstrate that emotions associated with the PGD process are complex. Caring for a child affected with a life-threatening condition while going through the PGD process appears to add another complexity. Effects of caring for a chronically ill family member have been described previously. For example, Smith and Wagner (2012) explain that caring for a chronically ill family member affected their emotions, daily activities, family relationships, sleep, health, holidays, work, study, financial situation, and time planning. Parents raising children with another chronic, life-threatening, genetic condition, cystic fibrosis, have noted elevated depression and anxiety across several European countries and the USA (Quittner et al. 2014) . Prior findings and the results of the present study highlight the need for additional support, care, and provision for parents who have a child affected with FA, particularly while they undergo PGD for FA and HLA typing.
Long-Term Effects of PGD on Relationship Dynamics (Partner, Family, Friends), Others' Attitudes, and Parental Regret Despite a fair amount of research on the overall PGD process, there is limited information on long-term outcomes. Therefore, the present findings concerning long-term outcomes are particularly noteworthy. All of the parents stated their overall relationship with their partner, children, and family either remained the same or grew stronger. This is consistent with previous research showing that the vast majority of adolescent cancer survivor mothers reported that cancer Bhad a positive impact on how they think about their lives^ (Barakat et al. 2006) . Some parents in our study described having a special bond with their children because of the PGD process, and they reported feeling more united and stronger as a family unit. The most prevalent impact noted on family dynamics was the expansion of one's family. Thus PGD tended to support and/or strengthen the family system. In contrast, several parents indicated the PGD process had a negative impact on relationship dynamics with friends. These parents described feeling as though their friends
Bwere not there^for them. These findings are based solely on the perceptions of the parents. It is unknown whether their friends would have similar perspectives. Studies of the experiences of family members and friends of parents who underwent PGD would help to understand changes in the dynamics of their relationships and potential effects on long-term clinical and psychological outcomes. Larger social networks and stronger supportive relationships have been shown to impact clinical outcomes such as quality of life and even survival in cancer patients (Waxler-Morrison et al. 1991; Kroenke et al. 2013; Telepak et al. 2014) . Cancer patients have similarly noted isolation, rejection, and a lack of knowledge of those from an Boutside group^and benefited from talking with other individuals who have had similar experiences (Ussher et al. 2006) .
As a further measure of long-term interpersonal outcomes, parents were asked about other peoples' attitudes toward them since conceiving a child using PGD for FA and/or HLA typing. All but one parent said they either are treated with more respect because of it, or others do not treat them differently. This sample of parents did not perceive any sort of social stigma.
A final measurement of long-term interpersonal outcome was parental regret. Parents in the current study were asked if they have any regrets associated with their decision to undergo PGD and/or regret about the PGD process. Everyone commented that although they would change some aspects of their experience (e.g., obtain more information, worry less, tell themselves to remain strong), they had no regrets. Zierhut and colleagues (Zierhut et al. 2013 ) similarly found that parents who had a child or children with FA and decided to undergo PGD reported little regret. Of note, however, three of the parents in the present study were also participants in the Zierhut et al. (2013) study. Interviewing couples who chose to discontinue IVF and PGD may provide a different perspective on regret. Further research with larger samples is needed before conclusions can be made about parental regret.
Study Limitations
This study has several limitations. The sample, while typical of qualitative research, is small and consisted only of parents who had a living child with FA and who underwent PGD for FA and/or HLA typing. A majority of the parents were Caucasian women of high socioeconomic status and education level. Moreover, qualitative data are not intended to be generalized to the population of interest. For these reasons, the results cannot be generalized to all parents who undergo PGD or all parents who undergo PGD for HLA typing. Another limitation is a majority of the sample underwent PGD for FA and/or HLA typing over a decade ago, while one parent underwent PGD for FA and/or HLA typing in the past two years. Although every participant was able to answer the interview questions and to elaborate upon their answers, there may have been differences in parents' ability to accurately recall certain details. Another limitation is a majority of these parents had a child through PGD who was an HLA match, which could have affected their experiences during the PGD process and experiences following the PGD process. Parents who did not obtain a successful HLA match may have been less likely to participate in the study due to negative experiences.
Practice Implications
Results from this study may assist genetic counselors, other medical professionals, and the public to better understand factors affecting parents' undergoing PGD, when support is most needed during the PGD process, types of emotions experienced during the PGD process, and longer term interpersonal outcomes of having a child using this technology. Genetic counselors and other medical professionals can help patients anticipate the PGD process and possible longer term outcomes, help to facilitate difficult decisions for parents who want to utilize PGD for HLA typing, and use this information to support patients at diverse time points during the PGD process.
The present study also indicates the potential influence of media, religion, and bioethical considerations and therefore healthcare providers should discuss these issues with parents who are considering PGD and HLA typing. Helping parents anticipate what they may experience will allow them to better prepare. Further, the results suggest that parents do not necessarily conceive a child using PGD for HLA typing solely for the sake of saving their affected child as previously hypothesized.
Research Recommendations
The present study is the first to investigate media, bioethical, and religious influences on parents who decide to undergo PGD for FA and/or HLA typing, and their perceptions of longer term interpersonal outcomes of this technology. Further investigations of these topics are needed with larger populations. Studies on the perspectives and long-term outcomes for parents who underwent PGD for FA and HLA typing and did not achieve a pregnancy are also needed. Additionally, expanding this research to include other conditions for which PGD and HLA typing are available would be informative and help to establish the extent to which the present results translate to other genetic conditions. As mentioned previously, one possible limitation of the current study is recall bias. This issue can be addressed by conducting a prospective longitudinal study of parents' experiences before the PGD process, throughout the entire PGD process, and after the PGD process.
Conclusion
One option available to parents of children with FA is to have an unaffected child who is an HLA match using PGD. Results of this study suggest that a main motivation of parents who used PGD is to have child who is not affected with FA. Parents noted media, bioethics, and religion considerations. The PGD process is emotionally complex, with parents requiring varying levels of support at different time points and from different sources. More importantly, support is needed to help care for their child affected with FA while undergoing PGD. Longterm effects on family dynamics were reported as mainly neutral or positive, while long-term effects on friendships were positive for some and negative for others. Parental regret surrounding the PGD process was negligible in this sample, and after going through the PGD process, parents perceived that they either received more respect from others or were not treated differently. Nevertheless, it is important for health care providers such as genetic counselors to be aware of parents' experiences so they can provide future patients with necessary support and resources.
